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I, the undersigned, being an officer duly authorised in accordance with Section 74(1) and (4) 
of the Deregulation & Contracting Out Act 1994, to sign and issue certificates on behalf of the 
Comptroller-General, hereby certify that annexed hereto is a true copy of the documents as 
originally filed in connection with the patent application identified therein. 



In accordance with the Patents (Companies Re-registration) Rules 1982, if a company named 
in this certificate and any accompanying documents has re-registered under the Companies Act 
1980 with the same name as that with which it was registered immediately before re- 
registration save for the substitution as, or inclusion as, the last part of the name of the words 
"public limited company" or their equivalents in Welsh, references to the name of the company 
in this certificate and any accompanying documents shall be treated as references to the name 
with which it is so re-registered. 



In accordance with the rules, the words "public limited company" may be replaced by p.l.c. 
pic, P.L.C. or PLC. 



Re-registration under the Companies Act does not constitute a new legal entity but merely 
subjects the company to certain additional company law rules. 
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PROCESS AND COMPOUNDS 



the present invention concerns a process and Intermediate compounds useful In 
the preparation of statins, particularly atorvastetin. 

According to the present Invention, there is provided a process for the preparation 
of a oornpound of formula (7): 



wherein 

R 1 represents an alkyl group, such as a Ci* alkyi group, and preferably an teopropyl 
group; 

r 2 represents j3n aryl group, preferably a phenyl group 

R 9 represehts an aryl group, preferably a 4-fluorophenyl group 

X represents , a group of formula -COZ, wherein Z represents -OR 4 , In which R 4 
represents an alkyl, preferably & methyl or ethyl, group, or — NR B R 6 , wherein R 5 and R a 
each independently represent H, alkyi, or aryl, and preferably R 5 is H and R 6 is phenyl 

which comprises 

a) cyanatlng a. compound of formula (1): 



wherein Y represents a halo group, preferably CI or Br; P* represents hydrogen or a 
protecting group, and W represents =0 or -OP 2 , in which P z represents hydrogen or a 
protecting group, 

to give a; compound of formula (2): 






B} inducing fhe compound of formula (2) to give a compound of formula (3): 




c) coupling the compound of formula (3) with a compound of formula (4): . 



to give a compound of formula <S): 




d) wheri W represents -OP 2 , deproteeflng and then oxidising the compound of formula (5) 
to give a compound of formula (6): 



e) subjecting the compound of formula (5) when W represents =o, or compound of 
formula (6) to ring-opening, and removal of any remaining protecting groups, to give a 
compound of formula (7): 



Protecting groups which may be represented by P 1 and P* include alcohol 
protecting groups, examples of which are well known in the art. Particular examples 
include tetrahydropyranyl, benzyl and methyl groups. Preferred protecting groups are sllyl 
groupsi \fot example triaryl- and especially trlalkylsilyl groups. Especially preferred 
examples are.trlmethylsilyl, t-butyldlmethylsilyl and t-butyldspnenylsilyl groups. 

' Protecting groups which may be represented by P 1 and P z may be the same or 
different'. When the protecting groups P 1 and P 2 are different, advantageously this may 
allow for the selective - removal of only P 1 or P 2 , Preferably, when the protecting groups P 
and P 2 are different, P 1 Is a silyi group and P 2 is a methyl group. 

Gyanstfion of compounds of formula (1) can be achieved by methods known In the 
art for displacing a halo group with a cyanide. Preferably, the process comprises 
conteciihg the compound of formula (1) with a source of cyanide. Preferred sources of 
cyanide include cyanide salts f especially ammonium or alkali metal cyanides, particularly 
sodium br potassium cyanide. A particularly preferred process comprises contacting the 




and 




! 
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compourid of formula (1) with 5 molar equivalents of KCN in the .presence of 
dimethylsulfoxlde solvent at a temperature of, for example, about 50°C. 

Reduction of compounds of formula (2) can be achieved using reduction systems 
known ih'the art for the reduction of nitrite groups, preferred examples Include reduction 
S with Rariey nickel and hydrogen or with hydrogen in the presence of a catalyst, such as 
paPadium on carbon. When palladium on carbon catalysed hydroge nation is empldyed, 
pteferre'd conditions comprise the use of methanol solvent at elevated temperature, such 
as abdut 40 e Cj in the presence of from about 0.01 to 100 molar equivalents of ammonia. 
Tjie coupling of the compound of formula (3) with the compound of formula (4) 
10 may employ conditions analogous to those given in WO89y07698 for the corresponding 
coupling: The conditions preferably comprise refluxing the compounds of formula (3) and 
(4) In £; hydrpcarbon solverit, such as toluene or cyclohexana, or mixtures ihereof, 
followed by contact with aqueous acid, such as aqueous HCI. 

Vyhen W represents OP 2 , the protecting group may be removed to form a hydroxy 
15 group by hietijiods known in the art for the removal of the given protect!*^ group. For 
example} sliyl protecting groups may be removed by contact with a sdurcB'Of fluoride ion, 
such as tetrabufylammontum fluoride. 

bxidatloh of compounds formed fay deprotectlon of compounds wherein W 
nepreserife -OS* 3 may employ conditions known In the art for the oxidation of pyranols to 
20 pyranbries, arid include those given In "Comprehensive Organic Transformations' 1 ', R,C< 
Larock, 2 nd Ed (1999) p 1670, published by Wiley VCH, incorporated herein by reference. 
Preferred oxidation systems include AgaCOa/Celite, especially Ceiife J2» or bromine. 

F^ng opening of the compounds of formula (5), when W represent fO or formula 
(6) rriay employ conditions known In the art for ring opening of a pyranorie. Preferably, 
25 the ring is opened by contact with a base, such as sodium hydroxide. Methanol is 
conveniently employed as solvent 

Remaining protecting groups may be removed by methods known In the art for the 
remdvahof the given protecting group. For example, silyl protecting groups mriy be 
removed by contact with a source of fluoride iori, such as tetrabutylarnmonllirn fluoride. 
30 \i will tfe recognised that when X represents a group of formula -COOR* this may 

be converted; to a group wherein X represents -CONR*R € at any stage during the 
pro.cess^ for example by reaction of the corresponding corinpounds of formulae (2), (3), (4), 
(5) ; £6) or (7) with a compound of formula HNR 6 R* 

li will also b© recognised that compounds of formulae (2), {3} and (4) may also be 
35 subjected to oxidatioft (when W represents —OH) or deprotectlon and oxidation (when W 
represents {-d-protecting group) to form the corresponding compound wherein W 
represents =6. 

preferred compounds of formula (1) are compounds of formula: 



4 



10 



r 



wherein W, P 1 and Y are as previously described. 

Preferred compounds of formula (2) are compounds of formula: 

OP 1 

therein W and P 1 are as previously described , 

Preferred compounds of formula (3) are compounds of fonrnuta: 



OP 1 



Wherein Wand P 1 areas previously described. 
Preferred compound^ of formula (5) are of formula: 

QP 1 




Whereih R\ R 2 , R a t W, X and P 1 ere as previously described. 
Preferred compounds of formula (6) are of formula: 




Wherein R\ R* R 3 , and X are as previously described, 
1 6 Preferred compounds of formula (7) are of formula; 




•wherein R\ R 2 , R 3 , and X are as previously described. 

Compounds of formula (7) are advantageously converted to phqrmaoeutically 
acceptable salts, especially lhelr calcium salts. 



5 



Compounds of formula (4) are advantageously prepared by the methods given in 
J, Med, Ghem^ 12191, 34, pp357-366. Particularly preferred compounds of formula (4) are 
conifwaurids of formula: 




5 Compounds of formula (1) are advantageously prepared by enzyme catalysed 

condensation .of acetaidehyde and 2-habaoetaldehyde, for example using the method 
given [rt US patent S,795,749. 

Ciompqunds of formulae (2) and (3) and. when W is OP 2 , formula (5) form further 
aspects of the present invention. 
10 ' the invention is illustrated by the following Examples. 

Exdmpie 1 - Deprotectlon of a compound of Formula (5) where IPr , R 2 = Ph* 
R 3 = 4-FC fi H4 9 >C=C(0}NHPh f P^SIEt* , WsOP 2 where P^H 

16 A compound of Formula (5) [where R 1 - IPr , Ph t R a « 4-FC a H 4 , X* C(0)NHPh, 
P 1 =SiEfe! , W-OP 3 where P^H] (100mg) was dissolved In anhydrous THE HF-pyrldine 
wa& added (0*1 mi) at 0°C and allowed to warm to room temperature- The mass was 
quenched with ether/and sodium bicarbonate solution. The phases separated and the 
aqdeoud phage back extracted with ether The organic phases were combined, dried and 

20 evaporated to;'pnoduce and oil- (75mg). 

Exariipli 2 - Preparation of a compound of Formula (6) where R 1 = IPr , R 2 " Ph> 
R 8 * 4-f6 6 H4, C(0)NHPh , P 1 «H 

The cdrhpound from Example 1 (3Smg. 0.065mmol) in dlchlorometharie (<XSml) was 
26 added to Dess-Martin periodlnane (3Qmg, 0,07mmol) and stirred at room iemperature for 
2.5 Houfs. The reaction was partitioned between 1M sodium hydroxide arid' diethyl ether. 
The phdses were then separated and the organio volume! reduced in vacctto to afford the 
crude product oil. 

1 H 500MHz CDCI3; 9.8, 7.6, 7.28, 7.2, 7.08, 7.02, 6.98, 5.2. 4.6, 4.1, 4.0, 3,9, 3.Z, 2,6, 
30 2.4.1.8,11.4. 

13 C 125 ! .72MHz DMSO: 169.6, 165.9. 13Q.3, 135.9. 134.7, 133.3, 129.4, 128.8, 128.4, 
127.5, 127.2, : 1 25.3, 122.9, 120.7, 118.3- 117.6, 115.4, 25.5, 22.1,22.3, 39.5, 34.5, 72.8, 
36,8, 81;.0, 38.3. 



CLAIMS 



&' process for the preparation of a compound of formula (7); 




Wherein 



R 1 represents an alkyl group, such as a C« alkyl group, and preferably an isopropyl 
group; «; 

R 2 represents fetfi aryl group, preferably a phenyl group 
R 3 represents aid aryl group, preferably a 4-fluorophenyl group 
10 X a grobp of formula -COZ. wherelri Z represents -OR 4 , in which R* represents an alKyi. 
preferably a methyl or ethyl, group, or — NR B R 8 , wherein R 9 and R 6 edch independently 
represent H, ajkyl, or aryl, and preferably R e is H and R 6 Is phenyl 

which comprises 
15 a) oyanajirig a compound of fomnulia (1): 



wheieiri ;Y represents a halo group, preferably CI or Br, P 1 represents hydrogen or a 
protecting group, and W represents =0 or -OP 2 , In which P* represents hydrogen or a 

protecting group, 
20 to give compound of formula (2): 





b) reducing the compound of formula (2) to give a compound of formula (3)t 
• 1 ' op' 



! ' 




6) cdupjling the compound of formula (3) with a compound of formula 




- ! 

! i 



25 



to give a compound of formula (5): 



OP 1 



5 



10 





d) when W represents -OP 2 4 deprcrtectlng and then oxidising the compound of formula (5) 
to give a cdmpbund of formula (6): 



i 

i ; 




and 

e) 6ybji£ting the compound of formula (5) when W represents =0, or compound of 
formulai'i&J to. ring-opening, and removal of any remaining protecting grdups, to give a 
compoiirjd of formula (7): 



i 1 



S 0H 



15 



20 



fli process for the preparation of a compound of formula {2): 



x 

Jv. 



which comprises cyanatlng a compound of formula (1): 



OP 1 



whfereln ,Y represents a halo group, preferably CI or Br; P 1 represents hydrogen or a 
protecting gro,up, and W represents =0 or -OP 2 , in which P 2 represents hydrogen or a 
prdtectirjg ^roup. 



3. X procjess for the preparation of a compound of formula (3): 

OP 1 




or w 



6 



which comprises reduction of a compound of formula (2): 



Of 1 



wherein! F 1 represents hydrogen or a protecting group, and W represents =0 or -OP 3 , in 
which' P> represents hydrogen or a protecting group. 



4. 



A 1 process for the preparation of a compound of formula (5): 
. : op 1 




which comprises coupling the compound of formula (3): 



10 



15 



20 




with a compound of formula (4): 



• • T 

wherein \ 

R 1 represents an elkyl group, such as a Cm alkyl group, and preferably an Isopropyl 
•gralipi ! ; 

R 2 represents an aryl group, preferably a phenyl group; 

R B represents an aryl group, preferably a 4-fluoropbenyl group; 

X a 1 gra'up of formula -COZ, wherein Z represents -OR*, in which R 4 represents an alkyl, 
preferably a methyl or ethyl, group, or -NR*R B . wherein R 5 and R e each independently 
rep'reseht H, etlkyl» or aryl, and preferably R 5 is H and R 6 is phenyl; 
f> 1 represents hydrogen or a protecting group; and 

W represents =0 or -OP 2 , jn which P 2 represents hydrogen or a protecting group. 



25 



;A compound of formula (2): 




& 



5 



10 



wherein H 1 represents hydrogen at a protecting group, and W represents *0 or -OP 4 . In 
which P 2 ,repres.ehts hydrogen or a protecting group. 



6. fii tompeund of formula (3): 



OP 1 




wherein represents hydrogen or a protecting group, and W represents *Q or -OP , in 
which Pi {©presents hydrogen or a protecting group. 



7. A comppund of formula {5): 



OP 1 



wherein, • 

TO P r6sents ; an aikyl group, such as a d* elkyl group, and preferably an isopropyl 
group; . : 

r 2 re^K-jsjents an aryl group, preferably a phenyl group; 
15 R 8 rep^ents an aryl group, preferably a 4-fluorophenyl group; 

X a'groiip of formula -COZ, wherein Z represents -OR*, in which R 4 represents an alkyl. 

preferably a methyl or ethyl,- group, or -NR*R^j wherein R s and R 6 each- Independently 

represefrit H, alkyl. or aryl. and preferably R 8 fe H and R° Is phenyl; 

P 1 represents hydrogen or a protecting group; and 
20 W represents -OP 2 , In which P 2 represents hydrogen or a protecting group. 
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